A new relative orbit solution with new dynamical masses is determined for the nearby white dwarf -red dwarf pair 40 Eri BC. The period is 230.09±0.68y. It is predicted to close slowly over the next half-century getting as close as 1.
Introduction
One of the more widely separated physical multiples in the sky, 40 Eri consists of a nearby, naked-eye star (HR 1325A) and a closer pair (BC) sharing the same, very large, proper motion over a minute of arc away. Parameters for the multiple system are presented in Table 1 . In that table, Column 1 provides the relevant parameter, Columns 2, 3 and 4 gives the value for A, B and C, respectively, while Column 5 gives the reference(s). Note that we do not give the position for C although Table 5 does provide the δ from the B position. This multiple system was listed as #518 in F.G.W. Struve's (1837) catalog of double stars. Due to the immensity of this catalog and it's logical structure the star number in this catalog is taken as it's "discovery designation" despite being measured first by William Herschel (1785) almost 50 years earlier. The first accurate observation would wait another 14 years (Dawes 1867 ) after Struve's catalog. The AB pair, having only changed its position angle by 6
• since its first measure 233 years ago, would have a very long orbital period. However, BC was recognized as more rapidly moving and interesting. This interest went beyond just being a potentially faster moving orbit pair when Adams (1914) noted it as "an A-type star of very low luminosity," i.e., a white dwarf. It appears and is described as an outlier in one of the very first color-luminosity diagrams (Russell 1914, see Figure 1 ). The star is, in fact, the second brightest known white dwarf, with an apparent magnitude V = 9.53 (Kidder et al. 1991) ; versus V = 8.44 for Sirius B (Bond et al. 2017) . It is also by far the easiest to see, as Sirius B is lost in the glare of its primary (Bond et al. 2017) , while the primary here is not only fainter (V = 4.43; Ducati 2002) , but much farther from its companion (ρ ∼ 83.
′′ 7).
Due to the long period of most visual binaries (and the understandable impatience of calculators), orbits are often calculated when they "can" be and not necessarily when they "should" be. The first known orbit of the pair was by Gore (1886) . In the Catalogue of Visual Binary Star Orbits (Finsen 1934) , the preferred orbit for 40 Eri BC was that of van den Bos (1926) as it was in the 2 nd Catalogue (Finsen 1938) . By the time of the 3 rd Catalogue (Finsen & Worley 1970) , the preferred orbit was Orbit III of Wielen (1962) , and this was updated again for the 4 th Catalog (Worley & Heintz 1983) , where the preferred orbit was that of Heintz (1974) . It remained so in the 5 th Catalog (Hartkopf et al. 2001 ) and later electronic catalogs until the current calendar year. Heintz's (1974) Unfortunately, the dynamical mass of the white dwarf was rather different from the result obtained through analysis of the gravitational redshift, for example, 0.53±0.04 M ⊙ from Koester & Weidemann (1991) . Indeed, much ink has been spilled seeking to reconcile the differences between these two approaches (Koester et al. 1979 , Wegner 1979 & 1980 , Reid 1996 , Provencal et al. 1998 ).
Measures of 40 Eri BC

New Measures
The pair is suitable for observation by the USNO speckle camera on the 26 ′′ refractor in Washington (Mason et al. 2011a,b) at the suggestion of Howard Bond the pair was repeatedly observed until it was too far off the meridian at twilight. Observed three times per night on six different nights, the calibration and methodology are as described in Mason & Hartkopf (2017) . The mean positions from these observation are presented in Table 2 . In that table, Columns 1, 2, 3, 4 and 5 provides the mean epoch of observation (in fractional Julian year), the position angle (in degrees), its error (in degrees), the separation (in seconds of arc), and its error (in seconds of arc). Note that the position angles have not been corrected for precession, and are thus based on the equinox for the epoch of observation. Column 6 gives the number of nights in the mean position and Columns 7 and 8 provide residuals to the orbit presented in §3. The "weight" of each measure used in the orbit solution is given in Column 9 while Column 10 identifies the source of the observation.
The mean intranightly error is 0.
• 04 for the position angle (θ) and 0. ′′ 0039 for the separation (ρ). The errors presented for position angle and separation presented in Table 2 are the internightly errors 1 .
The pair will be observable again in mid-September, but as described in §3 below the accumulation of additional data will only make minute incremental improvement until, probably, the second half of the 21 st Century.
Also presented in Table 2 are measures obtained by matching the components with objects in large catalogs with reliable astrometry. Using the same methodology as described in Wycoff et al. (2006) the pair was matched with the 2MASS Point Source Catalog 2 . Similarly, the pair was matched with UCAC4 ) using the techniques described in Hartkopf et al. (2013) . Errors, when they can be determined from multiple measures, are presented as well.
Measures from the WDS
Measures used in the orbit solution ( §3), from the Washington Double Star Catalog (hereafter, WDS, Mason et al. 2001 ) are presented in Table 3 . In this table Columns 1, 2, and 3 provide the mean epoch of observation, position angle and separation. Again, the position angles are for the equinox of the epoch of observation. Column 4 lists the number of nights in the mean position, Columns 5 & 6, the O−C residuals to the orbit, while Column 7 is the "weight" used in the orbit solution. Column 8 is the source of the measure and Column 9 is reserved for notes.
Despite IAU resolutions (IAU 1977) recommending that observations be published using dates given in Julian epoch (JE), classic double star data have primarily been published with the date of observation given at the fractional Besselian epoch (BE). We are in the process of evaluating the 9341 references used in the compilation of the WDS and adjusting the observation epoch from BE to JE when appropriate. Accordingly, the measures listed in Table 3 have been converted to Julian epoch, using the IAU approved conversion,
The difference is slight, and given their published precision only 41 dates in the table have been changed.
Zero-weighted Measures
Measures not appearing in Table 3 and not used in the orbit solution include those which are incomplete and list only the position angle and no separation (Herschel 1785 , Struve 1837 , Plummer 1878 , Howe 1879 , Doberck 1896 , 1902 , Comstock 1906 , Lohse 1908 as well as those which are measures of magnitude difference only (Pettit 1958 , Kuiper 1950 , Wieth-Knudsen 1957 , Rakos et al. 1982 .
Others not included is the measure of Schembor (1939) which has an extremely large residual and appears to be a measure of the position angle of the AB pair of this multiple system coupled to the separation of BC. Also not included is the measure of Van Biesbroeck (1974). The residual is much larger than is typical for measures from this very experienced observer. In that paper, the measure of 40 Eri BC in Table 1 is listed as having very small residuals to the orbit of Wielen (1962) 3 . However, there is either a typo in both of the measures or there was a typo in the orbit residual. Given the ambiguity this mean position is not included. Had Van Biesbroeck been able to see the final manuscript to completion it would, no doubt, have been corrected. The measure of Chaname & Gould (2004) has a very large difference in position angle from contemporaneous measures and is given an observation date of "approximately 2000" which is insufficiently precise for orbit determination and is also not included.
The Orbit of 40 Eri BC
Using the elements of Heintz (1974) to provide a first guess at the period, time of periastron passage and eccentricity, a method of differential correction was applied with the "grid search" routine described in Hartkopf et al. (1989) . Weights to the measures were applied using the methodology of Hartkopf et al. (2001) . Briefly describing the weighting methodology the following factors were considered: telescope aperture, separation, number of nights, and method of data acquisition. Arriving at the factors used in weighting was accomplished by evaluating approximately 66,000 observations of 450 well-characterized orbits in the generation of the orbit catalog Hartkopf et al. (2001) . After performing the adaptive "grid-search" until the step-size is very small rms values are determined and weights adjusted. Measures made by micrometry are zero-weighted when the residual is three times the rms. Measures made by photography or CCD have their weights reduced to 25% of their previous value. The "grid-search" is then repeated until lower tolerances in step size are met. These final weights are provided in Tables 2 & 3.   Table 4 lists the seven Campbell elements: P (period, in years), a (semi-major axis, in arcseconds), i (inclination, in degrees), Ω (longitude of node, equinox 2000, in degrees), T 0 (epoch of periastron passage, in fractional Julian year), e (eccentricity), and ω (longtitude of periastron, in degrees). Formal errors are listed with each element. Also provided in Table  4 are the parallax and mass ratio from van Leeuwen (2007) and Heintz (1974) , respectively, used to determine their individual masses. This pair was identified by one of the authors (KNM) in Summer 2016 as a pair suitable for orbit improvement and a preliminary version of these elements (determined without the measures of Table 2 ) appeared in the Commission G1 (née 26) Information Circular (Miles & Mason 2017) . For historical context, the earlier orbital elements of Heintz (1974; equinox 2000) , Orbit III of Wielen (1962; equinox unspecified) , van den Bos (1926; equinox 1900) and Gore (1886; equinox 1880) are also given. Figure 1 illustrates the new orbital solution, plotted together with all published data in the WDS database as well as the heretofore unpublished data in Table 2 . In this figure, micrometric observations are indicated by plus signs, photographic measures by asterisks, adaptive optics by filled circles, CCD measures by triangles and the four new measures from Table 2 as stars. "O − C" lines connect each measure to its predicted position along the new orbit (shown as a thick solid line). Dashed "O − C" lines indicate measures given zero weight in the final solution. A dot-dash line indicates the line of nodes, and a curved arrow in the lower right corner indicates the direction of orbital motion. The scale, in arcseconds, is given on the left and bottom axis. Finally, the orbit of Heintz (1974) is shown as a dashed ellipse. Table 5 gives the ephemerides for the orbit over the years 2018 through 2027, in annual increments.
While the orbit has only completed 71% of a full cycle, the orbit is quite well characterized. The criteria of ... it is not worth while to compute the orbit of a double star until the observed arc not only exceeds 180 degrees, but also defines both ends of the apparent ellipse ... have been met. The orbit of Heintz (1974) lists no errors on the orbital elements which is reflected in his very low mass errors. That orbit was premature and appeared 22 years prior to reaching the northern limit of the orbit; this appears to be the primary reason for the incongruous mass solutions for these two stars. In addition to both ends of the apparent ellipse now being well-characterized, a more accurate and precise parallax (200.62±0.23 mas, van Leeuwen 2007) has been determined and the number of measures has increased by 14%. Note that the parallax is for the primary of the physical multiple. If we assume the AB mean motion of 0.026
• /yr is representative, then the parallax difference for BC would be quite close to this value and within 0.066%. While SIMBAD lists 198.24 mas for B (Holberg et al. 2002) this corresponds to the original Hipparcos solution (ESA 1997) for A. We use this re-reduction of the Hipparcos value. The orbit has very small errors of 0.7% in the semimajor axis (a ′′ ) and 0.3% in the period (P), yielding an error of 3.1% in the mass sum. The mass sum, M A+B is 0.776±0.024 M ⊙ . Using the mass ratio from Heintz (1974) gives individual masses of 0.575±0.018 M ⊙ for the white dwarf and 0.2041±0.0064 M ⊙ for the M dwarf companion.
The newly determined mass for the M dwarf companion falls within the 1σ error of its value in Henry et al. (1999) If the solution presented in Table 4 is representative of the true motion and we were to wait two more observing seasons and observe the pair monthly, when accessible, the resulting errors would improve less than a tenth of a percent in P, a ′′ or M A+B . The most significant improvements could occur with data obtained as it approaches the next periastron passage (predicted for 2077.7) or when the system has been observed for a complete revolution (predicted for 2081.2). Due to the geometry of the system, the closest approach of 1.
′′ 32 is predicted to occur more than a decade before periastron : 2066.2.
With the post-AGB mass loss of the B component of the system, the orbital elements must have gone through significant evolution. Zhao et al. (2011) determine ages of A and C through analysis of chromospheric activity of 5.0 6.1 4.0 Gyr and an age of 4.9 6.0 3.9 Gyr for B based on the evolutionary lifetime of the progenitor plus cooling time. Sousa et al. (2008) determine metallicity of A as −0.31 ± 0.03. These two accurate and precise results coupled with the very accurate and precise masses determined here, will help enable study of the complicated interplay between mass, age and metallicity of all three components in this hierarchical multiple.
In addition to determining a mass for the red dwarf, the value of 0.575±0.018 M ⊙ for the white dwarf is now in agreement with those determined using the gravitational redshift (for example, within 1σ of the result 0.53±0.04 M ⊙ from Koester & Weidemann 1991). While the results match well here, it is unclear if they agree well-enough to make one determination redundant. For example, in the case of Sirius B the results are slightly discrepant with a dynamical mass of 1.018±0.011 M ⊙ (Bond et al. 2017 ) and a mass from the gravitational redshift of 0.978±0.005 M ⊙ (Barstow et al. 2005) . Now that the mass from the orbit matches that from the gravitational redshift, this source of consternation has gone away and it is not necessary to invoke other more exotic solutions to the problem. Patience is a virtue.
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